1. (1104L) Nematodes 
2. (1104L) Molluscs & Annelids 


(1104L) Nematodes 
By the end of this section, you will be able to: 


e Describe the structural organization of nematodes 

e Understand the importance of Caenorhabditis elegans in research 

e Compare the internal systems and appendage specializations of 
phylum Arthropoda 

e Discuss the environmental importance of arthropods 

e Discuss the reasons for arthropod success and abundance 


Phylum Nematoda 


Phylum Nematoda includes more than 28,000 species with an estimated 
16,000 being parasitic in nature. The name Nematoda is derived from the 
Greek word “Nemos,” which means “thread” and includes roundworms. 
Nematodes are present in all habitats with a large number of individuals of 
each species present in each. The free-living nematode, Caenorhabditis 
elegans has been extensively used as a model system in laboratories all over 
the world. 


Morphology 


In contrast with cnidarians, nematodes show a tubular morphology and a 
circular cross-section. These worms have a complete digestive system with 
a distinct mouth and anus. This is in contrast with the cnidarians and the 
platyhelminthes, where only one opening is present (an incomplete 
digestive system). 


The cuticle (outer covering of the body) of Nematodes is rich in collagen 
and a carbohydrate-protein polymer called chitin, and forms an external 
“skeleton” outside the epidermis. The cuticle also lines many of the organs 
internally, including the pharynx and rectum. The epidermis can be either a 
single layer of cells or a syncytium, which is a multinucleated cell formed 
from the fusion of uninucleated cells. 


The overall morphology of these worms is cylindrical, as seen in [link]. The 
head is radially symmetrical. A mouth opening is present at the anterior end 
with three or six lips as well as teeth in some species in the form of cuticle 
extensions. Some nematodes may present other external modifications like 
rings, head shields, or warts. Rings, however, do not reflect true internal 
body segmentation. The mouth leads to a muscular pharynx and intestine, 
which leads to a rectum and anal opening at the posterior end. The muscles 
of nematodes differ from those of most animals: They have a longitudinal 
layer only, which accounts for the whip-like motion of their movement. 
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Scanning electron micrograph 
shows (a) the soybean cyst 
nematode (Heterodera glycines) 
and a nematode egg. (b) A 


schematic representation shows 
the anatomy of a typical 
nematode. (credit a: modification 
of work by USDA ARS; scale-bar 
data from Matt Russell) 


Excretory System 


In nematodes, specialized excretory systems are not well developed. 
Nitrogenous wastes may be lost by diffusion through the entire body or into 
the pseudocoelom (body cavity), where they are removed by specialized 
cells. Regulation of water and salt content of the body is achieved by 
renette glands, present under the pharynx in marine nematodes. 


Nervous system 


Most nematodes possess four longitudinal nerve cords that run along the 
length of the body in dorsal, ventral, and lateral positions. The ventral nerve 
cord is better developed than the dorsal or lateral cords. All nerve cords 
fuse at the anterior end, around the pharynx, to form head ganglia or the 
“brain” of the worm (which take the form of a ring around the pharynx) as 
well as at the posterior end to form the tail ganglia. In C. elegans, the 
nervous system accounts for nearly one-third of the total number of cells in 
the animal. 


Reproduction 


Nematodes employ a variety of reproductive strategies that range from 
monoecious to dioecious to parthenogenic, depending upon the species 
under consideration. C. elegans is a monoecious species and shows 


development of ova contained in a uterus as well as sperm contained in the 
spermatheca. The uterus has an external opening known as the vulva. The 
female genital pore is near the middle of the body, whereas the male’s is at 
the tip. Specialized structures at the tail of the male keep him in place while 
he deposits sperm with copulatory spicules. Fertilization is internal, and 
embryonic development starts very soon after fertilization. The embryo is 
released from the vulva during the gastrulation stage. The embryonic 
development stage lasts for 14 hours; development then continues through 
four successive larval stages with ecdysis between each stage—L1, L2, L3, 
and L4— ultimately leading to the development of a young male or female 
adult worm. Adverse environmental conditions like overcrowding and lack 
of food can result in the formation of an intermediate larval stage known as 
the dauer larva. 


Note: 

Everyday Connection 

C. elegans: The Model System for Linking Developmental Studies with 
Genetics 

If biologists wanted to research how nicotine dependence develops in the 
body, how lipids are regulated, or observe the attractant or repellant 
properties of certain odors, they would clearly need to design three very 
different experiments. However, they might only need one object of study: 
C. elegans. The nematode Caenorhabditis elegans was brought into the 
focus of mainstream biological research by Dr. Sydney Brenner. Since 
1963, Dr. Brenner and scientists worldwide have used this animal as a 
model system to study various physiological and developmental 
mechanisms. 

C. elegans is a free-living organism found in soil. It is easy to culture this 
organism on agar plates (10,000 worms/plate), it feeds on Escherichia coli 
(another long-term resident of biological laboratories worldwide), and 
therefore, it can be readily grown and maintained in a laboratory. The 
biggest asset of this nematode is its transparency, which helps researchers 
to observe and monitor changes within the animal with ease. It is also a 
simple organism with fewer than 1,000 cells and a genome of 20,000 
genes. It shows chromosomal organization of DNA into five pairs of 


autosomes plus a pair of sex chromosomes, making it an ideal candidate to 
study genetics. Since every cell can be visualized and identified, this 
organism is useful for studying cellular phenomena like cell-cell 
interactions, cell-fate determinations, cell division, apoptosis, and 
intracellular transport. 

Another tremendous asset is the short life cycle of this worm ((link]). It 
takes only 3 days to achieve the “egg to adult to daughter egg;” therefore, 
tracking genetic changes is easier in this animal. The total life span of C. 
elegans is 2 to 3 weeks; hence, age-related phenomena are easy to observe. 
Another feature that makes C. elegans an excellent experimental model 
system is that the position and number of the 959 cells present in adult 
hermaphrodites of this organism is constant. This feature is extremely 
significant when studying cell differentiation, cell-cell communication, and 
apoptosis. Lastly, C. elegans is also amenable to genetic manipulations 
using molecular methods, rounding off its usefulness as a model system. 
Biologists worldwide have created information banks and groups dedicated 
to research using C. elegans. Their findings have led, for example, to better 
understandings of cell communication during development, neuronal 
signaling and insight into lipid regulation (which is important in addressing 
health issues like the development of obesity and diabetes). In recent years, 
studies have enlightened the medical community with a better 
understanding of polycystic kidney disease. This simple organism has led 
biologists to complex and significant findings, growing the field of science 
in ways that touch the everyday world. 


Hexosamine cycling modulates 
insulin signaling in C. elegans 


ogt-1 knockout: 


J Dauer = Insulin hypersensitive 


oga-1 knockout: 
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(a) This light micrograph shows Caenorhabditis elegans. Its 
transparent adult stage consists of exactly 959 cells. (b) The life 
cycle of C. elegans has four juvenile stages (L1 through L4) and 


an adult stage. Under ideal conditions, the nematode spends a set 
amount of time at each juvenile stage, but under stressful 
conditions, it may enter a dauer state that does not age. The worm 
is hermaphroditic in the adult state, and mating of two worms 
produces a fertilized egg. (credit a: modification of work by 
“snickclunk”/Flickr: credit b: modification of work by NIDDK, 
NIH; scale-bar data from Matt Russell) 


A number of common parasitic nematodes serve as prime examples of 
parasitism. These animals exhibit complex lifecycles that involve multiple 
hosts, and they can have significant medical and veterinary impacts. 
Humans may become infected by Dracunculus medinensis, known as 
guinea worms, when they drink unfiltered water containing copepods 
({link]). Hookworms, such as Ancyclostoma and Necator, infest the 
intestines and feed on the blood of mammals, especially in dogs, cats, and 
humans. Trichina worms (Trichinella) are the causal organism of trichinosis 
in humans, often resulting from the consumption of undercooked pork; 
Trichinella can infect other mammalian hosts as well. Ascaris, a large 
intestinal roundworm, steals nutrition from its human host and may create 
physical blockage of the intestines. The filarial worms, such as Dirofilaria 
and Wuchereria, are commonly vectored by mosquitoes, which pass the 
infective agents among mammals through their blood-sucking activity. 
Dirofilaria immitis, a blood-infective parasite, is the notorious dog 
heartworm species. Wuchereria bancrofti infects the lymph nodes of 
humans, resulting in the non-lethal but deforming condition called 
elephantiasis, in which parts of the body become swelled to gigantic 
proportions due to obstruction of lymphatic drainage and inflammation of 
lymphatic tissues. 


A human drinks unfiltered 
water containing copepods 
with L3 larvae. 


Larvae undergo two molts 
in the copepod and 
become L3 larvae. 


Larvae are released when 
copepods die. Larvae penetrate 
the host's stomach and intestinal 
wall. They mature and reproduce. 


‘we L1 larvae are 
consumed by a copepod. 


A fertilized female worm migrates 
to the surface of the skin, causes a 
blister, and discharges larvae. 


L1 larvae are released into water from the emerging female worm. 
~The female worm begins to emerge from the skin one year after infection. 


(b) 


The guinea worm Dracunculus medinensis infects about 3.5 
million people annually, mostly in Africa. (a) Here, the worm is 
wrapped around a stick so it can be extracted. (b) Infection occurs 
when people consume water contaminated by infected copepods, 
but this can easily be prevented by simple filtration systems. 
(credit: modification of work by CDC) 


Glossary 


Arthropoda 
phylum of animals with jointed appendages 


biramous 
referring to two branches per appendage 


cephalothorax 
fused head and thorax in some species 


chelicera 
modified first pair of appendages in subphylum Chelicerata 


cuticle (animal) 
the tough, external layer possessed by members of the invertebrate 
class Ecdysozoa that is periodically molted and replaced 


cypris 
larval stage in the early development of crustaceans 


hemocoel 
internal body cavity seen in arthropods 


hermaphrodite 
referring to an animal where both male and female gonads are present 
in the same individual 


nauplius 
larval stage in the early development of crustaceans 


Nematoda 
phylum of worm-like animals that are triploblastic, pseudocoelomates 
that can be free-living or parasitic 


oviger 


additional pair of appendages present on some arthropods between the 
chelicerae and pedipalps 


pedipalp 
second pair of appendages in Chelicerata 


uniramous 
referring to one branch per appendage 


zoea 
larval stage in the early development of crustaceans 


(1104L) Molluscs & Annelids 
By the end of this section, you will be able to: 


e Describe the unique anatomical and morphological features of 
flatworms, rotifers, Nemertea, mollusks, and annelids 

e Describe the development of an extracoelomic cavity 

e Discuss the advantages of true body segmentation 

e Explain the key features of Platyhelminthes and their importance as 
parasites 

e Describe the features of animals classified in phylum Annelida 


Phylum Mollusca 


Phylum Mollusca is the predominant phylum in marine environments. It is 
estimated that 23 percent of all known marine species are mollusks; there 
are over 75,000 described species, making them the second most diverse 
phylum of animals. The name “mollusca” signifies a soft body, since the 
earliest descriptions of mollusks came from observations of unshelled 
cuttlefish. Mollusks are predominantly a marine group of animals; however, 
they are known to inhabit freshwater as well as terrestrial habitats. Mollusks 
display a wide range of morphologies in each class and subclass, but share a 
few key characteristics, including a muscular foot, a visceral mass 
containing internal organs, and a mantle that may or may not secrete a shell 
of calcium carbonate ({link]). 


Note: 
Art Connection 
Mantle Coelom Intestine Gonad Shell 


Anus 


Nerve Visceral 
Radula cords Crop mass Heart 


There are many species and 
variations of mollusks; this 
illustration shows the anatomy 
of an aquatic gastropod. 


Which of the following statements about the anatomy of a mollusk is false? 


a. Mollusks have a radula for grinding food. 

b. A digestive gland is connected to the stomach. 

c. The tissue beneath the shell is called the mantle. 

d. The digestive system includes a gizzard, a stomach, a digestive gland, 
and the intestine. 


Mollusks have a muscular foot, which is used for locomotion and 
anchorage, and varies in shape and function, depending on the type of 
mollusk under study. In shelled mollusks, this foot is usually the same size 
as the opening of the shell. The foot is a retractable as well as an extendable 
organ. The foot is the ventral-most organ, whereas the mantle is the limiting 
dorsal organ. Mollusks are eucoelomate, but the coelomic cavity is 
restricted to a cavity around the heart in adult animals. The mantle cavity 
develops independently of the coelomic cavity. 


The visceral mass is present above the foot, in the visceral hump. This 
includes digestive, nervous, excretory, reproductive, and respiratory 
systems. Mollusk species that are exclusively aquatic have gills for 
respiration, whereas some terrestrial species have lungs for respiration. 
Additionally, a tongue-like organ called a radula, which bears chitinous 
tooth-like ornamentation, is present in many species, and serves to shred or 
scrape food. The mantle (also known as the pallium) is the dorsal epidermis 
in mollusks; shelled mollusks are specialized to secrete a chitinous and hard 
calcareous shell. 


Most mollusks are dioecious animals and fertilization occurs externally, 
although this is not the case in terrestrial mollusks, such as snails and slugs, 


or in cephalopods. In some mollusks, the zygote hatches and undergoes two 
larval stages—trochophore and veliger—before becoming a young adult; 
bivalves may exhibit a third larval stage, glochidia. 


Classification of Phylum Mollusca 


Phylum Mollusca is a very diverse (85,000 species) group of mostly marine 
species. Mollusks have a dramatic variety of form, ranging from large 
predatory squids and octopus, some of which show a high degree of 
intelligence, to grazing forms with elaborately sculpted and colored shells. 
This phylum can be segregated into seven classes: Aplacophora, 
Monoplacophora, Polyplacophora, Bivalvia, Gastropoda, Cephalopoda, and 
Scaphopoda. 


Class Aplacophora (“bearing no plates”) includes worm-like animals 
primarily found in benthic marine habitats. These animals lack a calcareous 
shell but possess aragonite spicules on their epidermis. They have a 
rudimentary mantle cavity and lack eyes, tentacles, and nephridia (excretory 
organs). Members of class Monoplacophora (“bearing one plate”) posses a 
single, cap-like shell that encloses the body. The morphology of the shell 
and the underlying animal can vary from circular to ovate. A looped 
digestive system, multiple pairs of excretory organs, many gills, and a pair 
of gonads are present in these animals. The monoplacophorans were 
believed extinct and only known via fossil records until the discovery of 
Neopilina galathaea in 1952. Today, scientists have identified nearly two 
dozen extant species. 


Animals in the class Polyplacophora (“bearing many plates”) are commonly 
known as “chitons” and bear an armor-like eight-plated shell ({link]). These 
animals have a broad, ventral foot that is adapted for suction to rocks and 
other substrates, and a mantle that extends beyond the shell in the form of a 
girdle. Calcareous spines may be present on the girdle to offer protection 
from predators. Respiration is facilitated by ctenidia (gills) that are present 
ventrally. These animals possess a radula that is modified for scraping. The 
nervous system is rudimentary with only buccal or “cheek” ganglia present 


at the anterior end. Eyespots are absent in these animals. A single pair of 
nephridia for excretion is present. 


This chiton from the class 


Polyplacaphora has the eight- 
plated shell that is indicative of its 
class. (credit: Jerry Kirkhart) 


Class Bivalvia (“two shells”) includes clams, oysters, mussels, scallops, and 
geoducks. Members of this class are found in marine as well as freshwater 
habitats. As the name suggests, bivalves are enclosed in a pair of shells 
(valves are commonly called “shells”) that are hinged at the dorsal end by 
shell ligaments as well as shell teeth ((link]). The overall morphology is 
laterally flattened, and the head region is poorly developed. Eyespots and 
statocysts may be absent in some species. Since these animals are 
suspension feeders, a radula is absent in this class of mollusks. Respiration 
is facilitated by a pair of ctenidia, whereas excretion and osmoregulation 
are brought about by a pair of nephridia. Bivalves often possess a large 
mantle cavity. In some species, the posterior edges of the mantle may fuse 
to form two siphons that serve to take in and exude water. 


These mussels, found in the 
intertidal zone in Cornwall, 
England, are bivalves. (credit: 
Mark A. Wilson) 


One of the functions of the mantle is to secrete the shell. Some bivalves like 
oysters and mussels possess the unique ability to secrete and deposit a 
calcareous nacre or “mother of pearl” around foreign particles that may 
enter the mantle cavity. This property has been commercially exploited to 
produce pearls. 


Note: 
Link to Learning 


Chet) 


In: 


=! 


. 7 
wees OPenstax COLLEGE 


[m]" 


rh 


Watch the animations of bivalves feeding: View the process in clams and 
mussels at these sites. 


Animals in class Gastropoda (“stomach foot”) include well-known 
mollusks like snails, slugs, conchs, sea hares, and sea butterflies. 
Gastropoda includes shell-bearing species as well as species with a reduced 
shell. These animals are asymmetrical and usually present a coiled shell 
({link]). Shells may be planospiral (like a garden hose wound up), 
commonly seen in garden snails, or conispiral, (like a spiral staircase), 
commonly seen in marine conches. 


(a) Snails and (b) slugs are both gastropods, but slugs lack a 
shell. (credit a: modification of work by Murray Stevenson; 
credit b: modification of work by Rosendahl) 


The visceral mass in the shelled species displays torsion around the 
perpendicular axis on the center of the foot, which is the key characteristic 
of this group, along with a foot that is modified for crawling ([link]). Most 
gastropods bear a head with tentacles, eyes, and a style. A complex radula 
is used by the digestive system and aids in the ingestion of food. Eyes may 
be absent in some gastropods species. The mantle cavity encloses the 
ctenidia as well as a pair of nephridia. 


Digestive 
system 


(a) 


During embryonic development of 
gastropods, the visceral mass 
undergoes torsion, or 
counterclockwise rotation of 
anatomical features. As a result, 
the anus of the adult animal is 
located over the head. Torsion is 
an independent process from 
coiling of the shell. 


Note: 

Everyday Connection 

Can Snail Venom Be Used as a Pharmacological Painkiller? 

Marine snails of the genus Conus ({link]) attack prey with a venomous 
sting. The toxin released, known as conotoxin, is a peptide with internal 
disulfide linkages. Conotoxins can bring about paralysis in humans, 
indicating that this toxin attacks neurological targets. Some conotoxins 
have been shown to block neuronal ion channels. These findings have led 
researchers to study conotoxins for possible medical applications. 
Conotoxins are an exciting area of potential pharmacological development, 
since these peptides may be possibly modified and used in specific medical 
conditions to inhibit the activity of specific neurons. For example, these 


toxins may be used to induce paralysis in muscles in specific health 
applications, similar to the use of botulinum toxin. Since the entire 
spectrum of conotoxins, as well as their mechanisms of action, are not 
completely known, the study of their potential applications is still in its 
infancy. Most research to date has focused on their use to treat neurological 
diseases. They have also shown some efficacy in relieving chronic pain, 
and the pain associated with conditions like sciatica and shingles. The 
study and use of biotoxins—toxins derived from living organisms—are an 
excellent example of the application of biological science to modern 
medicine. 


Members of the genus Conus 
produce neurotoxins that may 
one day have medical uses. 
(credit: David Burdick, 
NOAA) 


Class Cephalopoda (“head foot” animals), include octopi, squids, cuttlefish, 
and nautilus. Cephalopods are a class of shell-bearing animals as well as 
mollusks with a reduced shell. They display vivid coloration, typically seen 
in squids and octopi, which is used for camouflage. All animals in this class 
are Carnivorous predators and have beak-like jaws at the anterior end. All 
cephalopods show the presence of a very well-developed nervous system 


along with eyes, as well as a closed circulatory system. The foot is lobed 
and developed into tentacles, and a funnel, which is used as their mode of 
locomotion. Suckers are present on the tentacles in octopi and squid. 
Ctenidia are enclosed in a large mantle cavity and are serviced by large 
blood vessels, each with its own heart associated with it; the mantle has 
siphonophores that facilitate exchange of water. 


Locomotion in cephalopods is facilitated by ejecting a stream of water for 
propulsion. This is called “jet” propulsion. A pair of nephridia is present 
within the mantle cavity. Sexual dimorphism is seen in this class of animals. 
Members of a species mate, and the female then lays the eggs in a secluded 
and protected niche. Females of some species care for the eggs for an 
extended period of time and may end up dying during that time period. 
Cephalopods such as squids and octopi also produce sepia or a dark ink, 
which is squirted upon a predator to assist in a quick getaway. 


Reproduction in cephalopods is different from other mollusks in that the 
egg hatches to produce a juvenile adult without undergoing the trochophore 
and veliger larval stages. 


In the shell-bearing Nautilus spp., the spiral shell is multi-chambered. These 
chambers are filled with gas or water to regulate buoyancy. The shell 
structure in squids and cuttlefish is reduced and is present internally in the 
form of a squid pen and cuttlefish bone, respectively. Examples are shown 
in [link]. 


The (a) nautilus, (b) giant cuttlefish, (c) reef squid, 
and (d) blue-ring octopus are all members of the 
class Cephalopoda. (credit a: modification of work 
by J. Baecker; credit b: modification of work by 
Adrian Mohedano; credit c: modification of work 
by Silke Baron; credit d: modification of work by 
Angell Williams) 


Members of class Scaphopoda (“boat feet”) are known colloquially as “tusk 
shells” or “tooth shells,” as evident when examining Dentalium, one of the 
few remaining scaphopod genera ({link]). Scaphopods are usually buried in 
sand with the anterior opening exposed to water. These animals bear a 
single conical shell, which has both ends open. The head is rudimentary and 
protrudes out of the posterior end of the shell. These animals do not possess 
eyes, but they have a radula, as well as a foot modified into tentacles with a 
bulbous end, known as captaculae. Captaculae serve to catch and 
manipulate prey. Ctenidia are absent in these animals. 


Antalis vulgaris shows the classic 
Dentaliidae shape that gives these 
animals their common name of 
"tusk shell." (credit: Georges 
Jansoone) 


Phylum Annelida 


Phylum Annelida includes segmented worms. These animals are found in 
marine, terrestrial, and freshwater habitats, but a presence of water or 
humidity is a critical factor for their survival, especially in terrestrial 
habitats. The name of the phylum is derived from the Latin word annellus, 
which means a small ring. Animals in this phylum show parasitic and 
commensal symbioses with other species in their habitat. Approximately 
16,500 species have been described in phylum Annelida. The phylum 
includes earthworms, polychaete worms, and leeches. Annelids show 
protostomic development in embryonic stages and are often called 
“segmented worms” due to their key characteristic of metamerism, or true 
segmentation. 


Morphology 


Annelids display bilateral symmetry and are worm-like in overall 
morphology. Annelids have a segmented body plan wherein the internal and 
external morphological features are repeated in each body segment. 
Metamerism allows animals to become bigger by adding “compartments” 
while making their movement more efficient. This metamerism is thought 
to arise from identical teloblast cells in the embryonic stage, which give rise 
to identical mesodermal structures. The overall body can be divided into 
head, body, and pygidium (or tail). The clitellum is a reproductive structure 
that generates mucus that aids in sperm transfer and gives rise to a cocoon 
within which fertilization occurs; it appears as a fused band in the anterior 
third of the animal ({link]). 


The clitellum, seen here as a 
protruding segment with 
different coloration than the 


rest of the body, is a structure 
that aids in annelid 
reproduction. (credit: Rob 
Hille) 


Anatomy 


The epidermis is protected by an acellular, external cuticle, but this is much 
thinner than the cuticle found in the ecdysozoans and does not require 
periodic shedding for growth. Circular as well as longitudinal muscles are 
located interior to the epidermis. Chitinous hairlike extensions, anchored in 
the epidermis and projecting from the cuticle, called setae/chaetae are 
present in every segment. Annelids show the presence of a true coelom, 
derived from embryonic mesoderm and protostomy. Hence, they are the 
most advanced worms. A well-developed and complete digestive system is 
present in earthworms (oligochaetes) with a mouth, muscular pharynx, 
esophagus, crop, and gizzard being present. The gizzard leads to the 
intestine and ends in an anal opening. A cross-sectional view of a body 
segment of an earthworm (a terrestrial type of annelid) is shown in [link]; 
each segment is limited by a membranous septum that divides the coelomic 
cavity into a series of compartments. 


Annelids possess a closed circulatory system of dorsal and ventral blood 
vessels that run parallel to the alimentary canal as well as capillaries that 
service individual tissues. In addition, these vessels are connected by 
transverse loops in every segment. These animals lack a well-developed 
respiratory system, and gas exchange occurs across the moist body surface. 
Excretion is facilitated by a pair of metanephridia (a type of primitive 
“kidney” that consists of a convoluted tubule and an open, ciliated funnel) 
that is present in every segment towards the ventral side. Annelids show 
well-developed nervous systems with a nerve ring of fused ganglia present 
around the pharynx. The nerve cord is ventral in position and bears enlarged 
nodes or ganglia in each segment. 


Dorsal blood vessel 


Nephridium 


Intestine Ventral blood vessel 
Ventral nerve cord 


This schematic drawing shows the 
basic anatomy of annelids in a 
cross-sectional view. 


Annelids may be either monoecious with permanent gonads (as in 
earthworms and leeches) or dioecious with temporary or seasonal gonads 
that develop (as in polychaetes). However, cross-fertilization is preferred in 
hermaphroditic animals. These animals may also show simultaneous 
hermaphroditism and participate in simultaneous sperm exchange when 
they are aligned for copulation. 


Note: 
Link to Learning 
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This combination video and animation provides a close-up look at annelid 
anatomy. 


Classification of Phylum Annelida 


Phylum Annelida contains the class Polychaeta (the polychaetes) and the 
class Oligochaeta (the earthworms, leeches and their relatives). 


Earthworms are the most abundant members of the class Oligochaeta, 
distinguished by the presence of the clitellum as well as few, reduced 
chaetae (“oligo- = “few”; -chaetae = “hairs”). The number and size of 
chaetae are greatly diminished in Oligochaeta compared to the polychaetes 
(poly=many, chaetae = hairs). The many chetae of polychaetes are also 
arranged within fleshy, flat, paired appendages that protrude from each 
segment called parapodia, which may be specialized for different functions 
in the polychates. The subclass Hirudinea includes leeches such as Hirudo 
medicinalis and Hemiclepsis marginata. The class Oligochaeta includes the 
subclass Hirudinia and the subclass Brachiobdella. A significant difference 
between leeches and other annelids is the development of suckers at the 
anterior and posterior ends and a lack of chaetae. Additionally, the 
segmentation of the body wall may not correspond to the internal 
segmentation of the coelomic cavity. This adaptation possibly helps the 
leeches to elongate when they ingest copious quantities of blood from host 
vertebrates. The subclass Brachiobdella includes species like 
Branchiobdella balcanica sketi and Branchiobdella astaci, worms that 
show similarity with leeches as well as oligochaetes. 


The (a) earthworm, (b) leech, and (c) featherduster are all 
annelids. (credit a: modification of work by S. Shepherd; credit b: 
modification of work by “Sarah G...”/Flickr; credit c: modification 

of work by Chris Gotschalk, NOAA) 


Section Summary 


Phylum Annelida includes vermiform, segmented animals. Segmentation is 
seen in internal anatomy as well, which is called metamerism. Annelids are 
protostomes. These animals have well-developed neuronal and digestive 
systems. Some species bear a specialized band of segments known as a 
clitellum. Annelids show the presence numerous chitinous projections 
termed chaetae, and polychaetes possess parapodia. Suckers are seen in 
order Hirudinea. Reproductive strategies include sexual dimorphism, 
hermaphroditism, and serial hermaphroditism. Internal segmentation is 
absent in class Hirudinea. 


The rotifers are microscopic, multicellular, mostly aquatic organisms that 
are currently under taxonomic revision. The group is characterized by the 
rotating, ciliated, wheel-like structure, the corona, on their head. The 
mastax or jawed pharynx is another structure unique to this group of 
organisms. 


The nemertini are the simplest eucoelomates. These ribbon-shaped animals 
bear a specialized proboscis enclosed within a rhynchocoel. The 
development of a closed circulatory system derived from the coelom is a 
significant difference seen in this species compared to other 
pseudocoelomate phyla. Alimentary, nervous, and excretory systems are 
more developed in the nemertini than in less advanced phyla. Embryonic 
development of nemertine worms proceeds via a planuliform larval stage. 


Phylum Mollusca is a large, marine group of invertebrates. Mollusks show 
a variety of morphological variations within the phylum. This phylum is 
also distinct in that some members exhibit a calcareous shell as an external 
means of protection. Some mollusks have evolved a reduced shell. 
Mollusks are protostomes. The dorsal epidermis in mollusks is modified to 
form the mantle, which encloses the mantle cavity and visceral organs. This 
cavity is quite distinct from the coelomic cavity, which in the adult animal 
surrounds the heart. Respiration is facilitated by gills known as ctenidia. A 
chitinous-toothed tongue called the radula is present in most mollusks. 


Early development in some species occurs via two larval stages: 
trochophore and veliger. Sexual dimorphism is the predominant sexual 
strategy in this phylum. Mollusks can be divided into seven classes, each 
with distinct morphological characteristics. 


Art Connections 


Exercise: 


Problem: 


[link] Which of the following statements about the anatomy of a 
mollusk is false? 


a. Mollusks have a radula for grinding food. 

b. A digestive gland is connected to the stomach. 

c. The tissue beneath the shell is called the mantle. 

d. The digestive system includes a gizzard, a stomach, a digestive 
gland, and the intestine. 


Solution: 


[link] D 


Review Questions 


Exercise: 


Problem: Annelids have a: 


a. pseudocoelom 

b. a true coelom 

c. no coelom 

d. none of the above 


Solution: 


B 
Exercise: 


Problem: 
Which group of flatworms are primarily ectoparasites of fish? 


a. Monogeneans 
b. trematodes 

c. cestodes 

d. turbellarians 


Solution: 
A 
Exercise: 
Problem:A mantle and mantle cavity are present in: 


a. phylum Echinodermata 
b. phylum Adversoidea 

c. phylum Mollusca 

d. phylum Nemertea 


Solution: 
G 
Exercise: 
Problem:The rhynchocoel is a 


a. circulatory system 


b. fluid-filled cavity 
Cc. primitive excretory system 
d. proboscis 


Solution: 


B 


Free Response 


Exercise: 


Problem: Describe the morphology and anatomy of mollusks. 


Solution: 


Mollusks have a large muscular foot that may be modified in various 
ways, such as into tentacles, but it functions in locomotion. They have 
a mantle, a structure of tissue that covers and encloses the dorsal 
portion of the animal, and secretes the shell when it is present. The 
mantle encloses the mantle cavity, which houses the gills (when 
present), excretory pores, anus, and gonadopores. The coelom of 
mollusks is restricted to the region around the systemic heart. The 
main body cavity is a hemocoel. Many mollusks have a radula near the 
mouth that is used for scraping food. 


Exercise: 


Problem: 


What are the anatomical differences between nemertines and 
mollusks? 


Solution: 


Mollusks have a shell, even if it is a reduced shell. Nemertines do not 
have a shell. Nemertines have a proboscis; mollusks do not. 


Nemertines have a closed circulatory system, whereas Mollusks have 
an open circulatory system. 


Glossary 


Annelida 
phylum of vermiform animals with metamerism 


captacula 
tentacle-like projection that is present in tusks shells to catch prey 


clitellum 
specialized band of fused segments, which aids in reproduction 


conispiral 
shell shape coiled around a horizontal axis 


corona 
wheel-like structure on the anterior portion of the rotifer that contains 
cilia and moves food and water toward the mouth 


ctenidium 
specialized gill structure in mollusks 


mantle 
(also, pallium) specialized epidermis that encloses all visceral organs 
and secretes shells 


mastax 
jawed pharynx unique to the rotifers 


metamerism 
series of body structures that are similar internally and externally, such 
as segments 


Mollusca 
phylum of protostomes with soft bodies and no segmentation 


nacre 
calcareous secretion produced by bivalves to line the inner side of 
Shells as well as to coat intruding particulate matter 


Nemertea 
phylum of dorsoventrally flattened protostomes known as ribbon 
worms 


parapodium 
fleshy, flat, appendage that protrudes in pairs from each segment of 
polychaetes 


pilidium 
larval form found in some nemertine species 


planospiral 
shell shape coiled around a vertical axis 


planuliform 
larval form found in phylum Nemertea 


radula 
tongue-like organ with chitinous ornamentation 


rhynchocoel 
cavity present above the mouth that houses the proboscis 


schizocoelom 
coelom formed by groups of cells that split from the endodermal layer 


seta/chaeta 
chitinous projection from the cuticle 


trochophore 
first of the two larval stages in mollusks 


veliger 
second of the two larval stages in mollusks 


